We consider the spin-1 2 model on the honeycomb lattice in the presence of a weak magnetic field h ( 1. Such a perturbation destroys the exact integrability of the model in terms of gapless fermions and static Z 2 fluxes. We show that it results in the appearance of a long-range tail in the irreducible dynamic spin correlation function: hhs z ðt; rÞs z ð0; 0Þii / h 2 z fðt; rÞ, where fðt; rÞ / ½maxðt; rÞ À4 is proportional to the density polarization function of fermions. DOI: 10.1103/PhysRevLett.106.067203 PACS numbers: 75.10.Jm Quantum spin liquids (QSLs) (see, e.g., Refs. [1-6]) present examples of strongly correlated quantum phases which do not develop any kind of local order, while their specific entropy vanishes at zero temperature. Critical, or algebraic, QSLs are characterized by spin correlation functions that decay as some power of distance and time. In some cases, the correlation asymptotics can be deduced from a representation of spin operators in terms of almostfree fermions [7] . However, a complete calculation based on a microscopic Hamiltonian has not been demonstrated due to the lack of suitable exactly solvable models (in more than one spatial dimension).
Quantum spin liquids (QSLs) (see, e.g., Refs. [1] [2] [3] [4] [5] [6] ) present examples of strongly correlated quantum phases which do not develop any kind of local order, while their specific entropy vanishes at zero temperature. Critical, or algebraic, QSLs are characterized by spin correlation functions that decay as some power of distance and time. In some cases, the correlation asymptotics can be deduced from a representation of spin operators in terms of almostfree fermions [7] . However, a complete calculation based on a microscopic Hamiltonian has not been demonstrated due to the lack of suitable exactly solvable models (in more than one spatial dimension).
We show in this Letter that the anisotropic spin-1 2 model on the honeycomb lattice, proposed by one of us [8] , can be used as a starting point for the construction of an analytically treatable critical QSL. This result may seem surprising since it is known [9] that the original model [8] possesses no spin correlations at distances longer than a single lattice bond. We will see, however, that a small perturbation of the model [8] , e.g., a weak external magnetic field, is sufficient to ''turn on'' long-range spin correlations, albeit with a small overall prefactor. Thus we disagree with the statement made in Ref. [9] that the shortrange character of spin correlations survives in the presence of a weak magnetic field. Very recently, a weakly perturbed model of Ref. [8] was studied numerically in [10] in relation with experiments [11] . We consider the model defined by the Hamiltonian
Unit vectors n l are parallel to the x, y, and z axes for the corresponding links x, y, and z of the honeycomb lattice; see Fig. 1 . At h i 0 the Hamiltonian (1) was solved exactly [8] 
week ending 11 FEBRUARY 2011 0031-9007=11=106(6)=067203 (4) 067203-1 Ó 2011 American Physical Society on the ground state produces two Z 2 fluxes and creates a fermion. Since states with different flux configurations are mutually orthogonal and fluxes do not move in the process of time evolution governed by the Hamiltonian H , a nonzero result for the correlation function is possible only if the second spin operator j creates the same pair of fluxes. Thus the sites i and j are either the same or nearest neighbors. For larger separations between i and j, one has g ij ¼ 0. However, this result is due to the static nature of Z 2 fluxes; furthermore, the ground state is a linear combination of states with the same flux pattern. Both these features are destroyed by any perturbation (for example, external magnetic field) that does not commute with operators fu ij g.
In this Letter, we consider the honeycomb lattice model with an external magnetic field, which is treated as a weak perturbation. Before delving into calculations, we note that a generic magnetic field opens a gap Á in the fermionic spectrum [8] , with Á $ h x h y h z =J 2 . In what follows we neglect this gap. This is definitely possible if one of the field components vanishes, i.e., if the field is directed in one of the coordinate planes. For the generic field direction, our results for spin correlations are applicable for intermediate distances, 1 ( r ( 1=Á. For simplicity we discuss the total spin in the rth elementary cell, s r ¼ r;1 þ r;2 , and calculate z-z correlations only. Since the external magnetic field induces finite magnetization, hs z r i Þ 0, we study the irreducible correlation function: gðt; rÞ ¼ hhs z r ðtÞs z 0 ð0Þii. We are interested in the long-time and/or long-distance asymptotics of gðt; rÞ.
It is convenient to introduce complex bond fermions, defined as follows: c r ¼ 
The irreducible correlation function equals gðt; rÞ ¼ hs z r ðtÞs
Thus we have to calculate two-spin and four-spin correlation functions. For these correlation functions to be nonzero, the flux configuration which results from the action of the two (four) spin operators on the ground state should coincide with the original flux configuration. In particular, the two-spin correlator vanishes unless r ¼ 0, so that we have hTs 
In the t ! 1 limit, the leading contributions to f 1 and f 2 come from the regions 1 % t, 2 % 0 and 1 % 0, 2 % t, respectively. We will see that the product of spin operators at nearby times, e.g., s z r ðtÞs z r ð 2 Þ in the second case, reduces to the product of two fermion operators (up to some renormalization). It follows that the four-spin correlation function is asymptotically proportional to the density polarization function of free fermions.
Note that the Wick theorem is not directly applicable to spin averages because each spin operator creates both a fermion and some flux, the latter acting as a scattering potential for propagating fermions. To proceed with the calculation, one has to rewrite spin operators s z in Eq. (5) in terms of fermions c and , and then move the operators to the right, commuting them with exponential evolution factors. To this end, we use the identities r e iHt ¼ e iH r t r ;
y r e iH r t ¼ e iHt y r ;
where the Hamiltonian H r differs from the original Hamiltonian H by inverting the sign of the u variable which belongs to the z link in the elementary cell r:
In this way, all spin correlators can be represented as correlators of noninteracting fermions in the presence of external time-dependent potential. The calculation of uðÞ is a simple task discussed in Refs. [9, 12] . Using the identity e iHt e ÀiH r t ¼ T expðÀi R t 0 V r ðÞdÞ, one arrives at the following result:
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067203-2 The next step is to calculate f 1;2 ðr; t; 1 ; 2 Þ. We consider explicitly all different time orderings in the expression (5); it is enough to choose t > 0, since g r ðÀtÞ ¼ g Ã Àr ðtÞ:
2 > t > 0 > 1 ; 
1 ðÞd i:
To proceed from the first to the second line, we used the fact that the only relevant sequence of superscripts is ¼ 1122 (recall that
one obtains: The potentials V
1;2 ðÞ are piecewise-constant functions of time which can be easily read off the order of fermionic operators in (7) and (8) 
In the same way exact expressions for f ðjÞ i , analogous to (7) and (8), can be obtained for all other time domains 1; . . . ; 6. However, they can hardly be evaluated exactly in the closed form. The problem of their calculation resembles the one encountered while exploring the Fermi edge singularity problem [13] , so we can analyze it similarly.
The representation of spin correlation functions in the form (7) allows us to use the Wick theorem for fermions, which makes a diagrammatic expansion of f ðjÞ i over the potential V ðjÞ i possible. Note that apart from the normal Green function Gðt; rÞ ¼ hTc ðr; tÞc þ ð0; 0Þi, the anomalous Green function Fðt; rÞ ¼ hT c ðr; tÞc ð0; 0Þi ¼ hTc þ ð0; 0Þc þ ðr; tÞi also has to be taken into account (we calculate both of them below). The sum of all diagrams for each of f 
Up to this point, all calculations have been exact for any r; t. To proceed further, we have to make some approximations. We use the inequality t ) J À1 and average over fast oscillations of g ðjÞ i ðt; rÞ as a function of t. It is easy to see that g ð2Þ 2 has a slowly varying part because V 
1 is purely oscillating and vanishes upon the averaging. Considering the expression (10) for g ð2Þ 2 , we find that the main contribution to it comes from 1 % 0 and 2 % t (the result of integration is determined by a small neighborhood of the boundary points due to oscillations of the integrand), so the corresponding expression in (8) is of the form of fermionic density-density correlation function. Now we have to
